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[Name of Document] Description 

[Title of the invention] SEMICONDUCTOR SUBSTRATE AND METHOD FOR 

FABRICATING SEMICONDUCTOR DEIVCE 

[Claims] 

5 [Claim 1] A semiconductor substrate having a notch in an edge portion thereof, 

the notch having two shoulder portions each configured as an arc and a difference 
in curvature between the two shoulder portions being not less than 0 mm and not more than 
0.1 mm. 

[Claim 2] The semiconductor substrate of claim 1, wherein each of the two 
1 0 shoulder portions has a curvature not less than 0.3 mm. 

[Claim 3] The semiconductor substrate of claim 1, wherein the notch has a bottom 
portion configured as an arc and the notch has two wall surfaces each mirror-finished and 
forming an angle not less than 89° and not more than 95° therebetween. 

[Claim 4] A method for fabricating a semiconductor device using a semiconductor 
15 substrate as recited in any one of claims 1 to 3, the method comprising the steps of: 

burying an insulating film or a conductive film in a depressed portion provided in 
the semiconductor substrate; and 

planarizing the insulating film or the conductive film by chemical mechanical 
polishing. 

20 [Claim 5] A method for fabricating a semiconductor device using a semiconductor 

substrate as recited in any one of claims 1 to 3, the method comprising the steps of: 
forming an end-point detection film on the semiconductor substrate; 
performing etching with respect to the end-point detection film and the 
semiconductor substrate by using a mask pattern to form an isolation trench; 
2 5 burying an insulating film in the isolation trench; and 



2 

planarizing the insulating film by chemical mechanical polishing. 
[Claim 6] The method of claim 5, wherein a polishing speed for the insulating film 
is double or more a polishing speed for the end-point detection film in the step of 
planarizing the insulating film. 
5 [Claim 7] The method of claim 5 or 6, further comprising, after the step of 

planarizing the insulating film, the step of: 

polishing the end-point detection film by chemical mechanical polishing. 
[Detailed Description of the Invention] 
[Industrial Field of Utilization] 
10 The present invention relates to a semiconductor substrate, a method for 

fabricating the same, and a method for fabricating a semiconductor device. 
[Prior Art] 

The recent rapid advancement of miniaturization technology has achieved an 
exponential increase in the number of semiconductor elements in a semiconductor device, 

15 i.e., a higher degree of integration. Accordingly, active regions to be formed with 
semiconductor elements and isolation regions between the semiconductor elements have 
been reduced in size significantly. As a result, STI (Shallow Trench Isolation) which buries 
an oxide insulating film in fine trenches provided in a substrate has been used as a 
replacement isolation method for LOCOS isolation involving an oxidation process. 

2 0 A specific method for forming the STI is as follows. First, isolation trenches are 

formed in a substrate and then an oxide insulating film is buried in each of the isolation 
trenches by CVD (Chemical Vapor Deposition). Thereafter, the portions of the oxide 
insulating film formed on active regions are removed by CMP (Chemical Mechanical 
Polishing), while the surfaces of the portions of the oxide insulating film buried in the 

25 isolation trenches are planarized, whereby steps produced on the surfaces of isolation 
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regions and the active regions are removed. 

When CMP is performed, an end-point detection film for notifying whether or not 
planarization of an entire semiconductor wafer or in terms of semiconductor devices 
(chips) has been accomplished is formed under the oxide insulating film, as shown in, e.g., 
5 Patent Document 1 . At present, a nitride film (SiN film) is used normally as the end-point 
detection film. When the nitride film is used as the end-point detection film, polishing 
conditions including a load (load under which a wafer is pressed against a polishing pad) 
and the speed of rotation (the speed of rotation of each of the polishing pad and the wafer) 
are set such that a polishing speed for the oxide insulating film is double or more a 
10 polishing speed for the nitride film. In a CMP process disclosed in, e.g., Patent Document 
1, the ratio of the polishing speed for the oxide insulating film to the polishing speed for 
the end-point detection film is about 3 to 5. 

A typical polishing sequence for CMP is as follows. That is, since the reflectivity 
of light detected by an end-point detector or the torque of a motor for rotating the platen of 
15 a polishing apparatus changes upon the exposure of the nitride film (end-point detection 
film), the polishing speed for the nitride film is reduced abruptly starting from the time of 
exposure, while over polishing is performed, whereby an entire semiconductor wafer is 
further planarized. 

[Patent Document 1 ] 
2 0 Japanese Laid-Open Patent Publication No. 9-36073 

[Problems that the Invention is to solve] 

Steps produced on the surface of the substrate when CMP for forming the STI is 
performed (hereinafter referred to as STI-CMP), i.e., variations in planarization process are 
substantially determined by variations (surface roughness on the nitride film) in the 
2 5 thickness (final thickness) of the nitride film remaining on the surface of the substrate. In 
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the case of forming, e.g., a MOS transistor on a semiconductor substrate, it is necessary to 
preliminarily remove the nitride film as the end-point detection film. If the final thickness 
of the foregoing nitride film has variations, steps are produced on the surface of the 
substrate after the removal of the nitride film to cause size variations in lithography for 
5 electrode processing or the like. 

In accordance with the conventional STI-CMP, variations in planarization process, 
i.e., variations in the final thickness of the nitride film can be suppressed to an objective 
value of about 30 to 50 nm or less at the portion of a semiconductor wafer other than the 
peripheral edge portion thereof extending radially about 5 mm from the edge surface of the 

1 0 wafer. However, the uniformity of an amount of grinding of the nitride film (the ratio of an 
error to an objective amount of grinding) cannot be suppressed to 5% or less at the 
foregoing peripheral edge portion of the wafer (especially in a range of the peripheral edge 
portion extending radially about 2 to 5 mm from the edge surface of the wafer) and hence 
the foregoing objective value cannot be achieved. This is a factor which hinders the 

1 5 enlargement of the effective region of the wafer as a determinant of the number of chips 
obtainable from the semiconductor wafer. 

As the miniaturization rules are reduced increasingly from 130 nm to 65 nm, a 
necessity occurs to suppress variations in the final thickness of an end-point detection film 
such as a nitride film over the surface of the wafer after STI-CMP to a more stringent 

2 0 objective value of about 20 to 30 nm or less. However, the objective value cannot be 
achieved by using the conventional CMP technology including the semiconductor wafer, 
the end-point detection film (such as the nitride film), and the end-point detection method 
which are used currently in combination. In this case, variations in the final thickness of 
the end-point detection film eventually lead to steps produced on the isolation region and 

2 5 steps produced on the active region to be formed with a semiconductor element so that a 



problem such as size variations or an inter-electrode short circuit occurs during the 
formation of, e.g., the gate electrode of a MOS transistor. 

In view of the foregoing, it is therefore an object of the present invention to 
suppress the production of a step on the surface of a substrate after CMR 
5 [Means of Solving the Problems] 

To attain the object, the present inventors examined a factor which hinders 
sufficient suppression of variations in the final thickness of an end-point detection film at 
the peripheral edge portion of a wafer after the conventional STI-CMP and made the 
following findings. 

10 In the fabrication of a semiconductor device, a wafer provided with a notch or an 

orientation flat has been used conventionally. The notch (V-shaped indentation) is formed 
in the peripheral edge portion of a semiconductor wafer to define, e.g., the crystal 
orientation of the wafer or the orientation of the wafer in lithography. The configuration 
(depth, angle, and the like) of the notch and the final configuration of the edge surface of 

15 the finished wafer are defined in the SEMI (Semiconductor Equipment and Materials 
International) standards. In accordance with the SEMI standards, the angle (angle formed 
between two side surfaces forming a V-shaped configuration) of the notch is about 90 
degrees and the depth of the notch measured from the edge surface of the wafer is about 1 
to 2 mm. 

2 0 The present inventors found that, as CMP has been used prevalently to planarize 

the surface of a wafer in step with the increasing miniaturization of a semiconductor device, 
the notch and orientation flat had impaired the flatness of the wafer surface after CMP. 

Specifically, CMP is performed by rotating each of a polishing pad affixed to a 
platen and a semiconductor wafer, while simultaneously pressing the semiconductor 

25 substrate against the polishing pad. Since the semiconductor substrate is pressed against 



the polishing pad under a load of about 1 N/cm or more, pores in urethane foam 
composing the polishing pad are crushed so that an abrasive is not supplied evenly to the 
entire surface of the semiconductor wafer and the polishing speed is thereby reduced. To 
prevent this, measures have been taken which uniformly move a dresser (not shown) 
5 having diamond mounted in fixed relation thereon over the polishing pad to roughen the 
surface of the polishing pad and thereby stabilize the polishing speed. 

However, each of the shoulder portions of the notch provided in the 
semiconductor wafer has the effect of roughening the surface of the polishing pad, not the 
effect of crushing the polishing pad, since it functions as a singularity point which 

1 0 perpendicularly hits on the polishing pad during polishing. As a result, the surface portion 
of the polishing pad corresponding to the locus of the notch along which the notch has 
moved during, e.g., STI-CMP is roughened, which causes the possibility that the polishing 
speed of the locus portion of the polishing pad is increased unintentionally. At present, the 
setting of the speed of rotation of, e.g., the semiconductor wafer or the polishing pad and 

15 the like is performed such that an arbitrary point on the semiconductor wafer follows a 
random locus on the polishing pad during polishing. However, since the semiconductor 
wafer is not fixed completely to the head (not shown) of the polishing machine, it is 
difficult to render the locus on the polishing pad followed by an arbitrary point on the 
semiconductor wafer as random as calculated so that the same locus occurs at each 

2 0 constant speed of rotation. 

In an attempt to accomplish the foregoing object, the present inventors came to 
the idea of forming a notch as a singularity point on the semiconductor wafer into a 
configuration which allows a reduction in the surface roughness of the polishing pad. 
Specifically, the present inventors measured, for each of a plurality of semiconductor 

2 5 wafers, the final thickness of a nitride film after STI-CMP over the entire surface of the 



wafer, determined a correlation between the result of measurement and the configuration of 
the notch in each of the wafers, and found that the notch had impaired the flatness of the 
wafer surface after CMP. The present inventors also found that, when CMP was performed 
with respect to a semiconductor wafer having a specified notched configuration, the 
5 uniformity of an amount of grinding of the nitride film was suppressed successfully to 5% 
or less at the portion of the semiconductor wafer other than the peripheral edge portion 
thereof extending radially about 2 mm from the edge surface of the wafer and variations in 
the final thickness of the nitride film after STI-CMP were suppressed successfully to 30 
nm or less. 

10 The present invention has been achieved based on the foregoing findings and a 

semiconductor substrate according to the present invention is a semiconductor substrate 
having a notch in an edge portion thereof, the notch having two shoulder portions each 
configured as an arc and a difference in curvature between the two shoulder portions being 
not less than 0 mm and not more than 0. 1 mm. 

15 In the semiconductor substrate according to the present invention, the two 

shoulder portions of the notch have equal curvatures so that, when CMP is performed with 
respect to the semiconductor substrate, the roughening of the specific portion of the 
polishing pad by the notch is prevented. Accordingly, the polishing speed becomes uniform 
over the entire surface of the polishing pad so that the uniformity of an amount of grinding 

2 0 of the polished film at the substrate surface is improved and variations in the final 
thickness of the polished film after CMP are suppressed sufficiently. This suppresses the 
production of a step on the surface of the substrate after CMP, prevents a situation in which 
a problem such as size variations or an inter-electrode short circuit during the formation of 
a gate electrode occurs, and thereby improves the reliability of the semiconductor device. 

25 In the present specification, the shoulder portions of the notch indicate the 



connecting portions between the notch wall surfaces and the edge surface of the wafer, the 
configuration of each of the notch shoulder portions (or the notch bottom portion) indicates 
a configuration when the notch shoulder portion (or the notch bottom portion) is viewed 
from above the principal surface of the substrate, i.e., the principal surface of the wafer, 
5 and the curvature of each of the notch shoulder portions indicates the curvature of the 
configuration thereof. 

In the semiconductor substrate according to the present invention, each of the two 
shoulder portions preferably has a curvature not less than 0.3 mm. 

The arrangement more reliably prevents the roughening of the polishing pad by 
10 the notch. 

In the semiconductor substrate according to the present invention, the notch 
preferably has a bottom portion configured as an arc. The notch more preferably has two 
wall surfaces each mirror-finished and forming an angle not less than 89° and not more 
than 95° therebetween. 

15 The arrangement more reliably prevents the roughening of the polishing pad by 

the notch. 

A first method for fabricating a semiconductor device according to the present 
invention assumes a method for fabricating a semiconductor device using the 
semiconductor substrate according to the present invention, the method comprising the 
2 0 steps of: burying an insulating film or a conductive film in a depressed portion provided in 
the semiconductor substrate; and planarizing the insulating film or the conductive film by 
chemical mechanical polishing. 

In accordance with the first method for fabricating a semiconductor device, CMP 
is performed with respect to the film to be polished which has been buried in the depressed 
2 5 portion provided in the semiconductor substrate according to the present invention so that 
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variations in the final thickness of the polished film after CMP are suppressed sufficiently. 
This suppresses the production of a step on the surface of the substrate after CMP, prevents 
a situation in which the step causes a problem in the process step subsequent to CMP, and 
thereby improves the reliability of the semiconductor device. 
5 A second method for fabricating a semiconductor device according to the present 

invention assumes a method for fabricating a semiconductor device using the 
semiconductor substrate according to the present invention, the method comprising the 
steps of: forming an end-point detection film on the semiconductor substrate; performing 
etching with respect to the end-point detection film and the semiconductor substrate by 

1 0 using a mask pattern to form an isolation trench; burying an insulating film in the isolation 
trench; and planarizing the insulating film by chemical mechanical polishing. 

In accordance with the second method for fabricating a semiconductor device, 
CMP is performed with respect to the insulating film which has been buried in the isolation 
trench provided in the semiconductor substrate according to the present invention. At this 

15 time, variations in the final thickness of the end-point detection film formed under the 
insulating film can be suppressed sufficiently so that the production of a step on the surface 
of the substrate after CMP is suppressed. Specifically, the height of a step produced on the 
surface of the wafer after STI-CMP, i.e., variations in planarization process can be adjusted 
to 30 nm or less at the portion of the semiconductor wafer serving as the semiconductor 

20 substrate other than the peripheral edge portion thereof extending radially about 2 mm 
from the edge surface thereof. This prevents a situation in which the step produced on the 
surface of the substrate causes a problem in the process step subsequent to CMP and 
thereby improves the reliability of the semiconductor device. This also enlarges the 
effective region of the semiconductor wafer, which is a determinant of the number of chips 

25 obtainable from the wafer. Since the number of chips obtainable from the semiconductor 
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wafer can be increased, fabrication cost for the semiconductor device can be reduced. 

In the second method for fabricating a semiconductor device, a polishing speed 
for the insulating film is preferably double or more a polishing speed for the end-point 
detection film in the step of planarizing the insulating film. 
5 This enables reliable notification of whether or not planarization of the entire 

semiconductor wafer or in terms of semiconductor devices (chips) has been accomplished. 
This also prevents a situation in which the final thickness of the end-point detection film 
after CMP varies depending on the density of the isolation trenches in the single chip or the 
final thickness of the end-point detection film after CMP varies over the surface of the 
10 wafer depending on the density of the isolation trenches in the single chip. 

Preferably, the second method for fabricating a semiconductor device further 
comprises, after the step of planarizing the insulating film, the step of: polishing the end- 
point detection film by chemical mechanical polishing. 

The arrangement allows a gate electrode pattern or the like to be formed by, e.g., 
15 lithography with no size variation after the end-point detection film is removed by 
polishing. 

[Working Example of the Invention] 

(Polishing Apparatus Used in Embodiments) 

FIG. 1 is a schematic diagram of a polishing apparatus (CMP apparatus) used for 
2 0 the evaluation of the final thickness of a polished film, STI formation, or the like in each of 
the embodiments of the present invention which will be described later. More specifically, 
FIG. 1 shows a CMP process performed while rotating each of a platen having a polishing 
pad affixed thereto and a semiconductor substrate (semiconductor wafer). 

In the apparatus shown in FIG. 1, polishing is performed by disposing a pair of 
25 semiconductor substrates 12 A and 12B in respective regions equally dividing a polishing 



pad 11 such that the two semiconductor substrates are polished simultaneously on the 
single platen. The semiconductor substrates 12A and 12B are provided with respective 
notches 13 A and 13B. As shown in FIG. 1, CMP polishing is performed by pressing each 
of the semiconductor substrates 12A and 12B against the polishing pad 11, while rotating 
5 each of the polishing pad 11 and the semiconductor substrates 12A and 12B. During the 
CMP polishing, each of the semiconductor substrates 12A and 12B is pressed against the 
polishing pad 11 under a load of about 1 N/cm 2 or more so that pores in urethane foam 
composing the polishing pad 11 are crushed. As a result, an abrasive is not supplied evenly 
to the entire surface of each of the substrates and the polishing speed is thereby reduced. To 

10 prevent this, measures have been taken which uniformly move a dresser (not shown) 
having diamond mounted in fixed relation thereon over the polishing pad 11 to roughen the 
surface of the polishing pad 11 and thereby stabilize the polishing speed. 

The direction 14 of rotation of the polishing pad 11, i.e., the platen is typically 
clockwise (CW). If the respective directions 15A and 15B of rotation of the semiconductor 

15 substrates 12A and 12B are counterclockwise (CCW), polishing uniformity at each of the 
substrates is improved. In this case, if attention is focused on, e.g., the rotation of the notch 
13A in the semiconductor substrate 12A, the direction 16 in which each of the shoulder 
portions of the notch 13A plunges into the polishing pad 11 during polishing is at about 90 
degrees relative to the surface of the polishing pad 11, so that the grinding of the surface of 

2 0 the polishing pad 11 by the notch 13A is expected. 

Thus, each of the shoulder portions of the notch has the effect of roughening the 
surface of the polishing pad 11, not the effect of crushing the polishing pad 11, since it 
functions as a singularity point which perpendicularly hits on the polishing pad 11 during 
polishing. As a result, the surface portions of the polishing pad 11 corresponding to the loci 

25 followed by the notches 13A and 13B during, e.g., STI-CMP are roughened, which causes 



12 



the possibility that the polishing speed of each of the loci portions of the polishing pad 11 
is increased unintentionally. To prevent this, it is possible to set, e.g., the speed of rotation 
of each of the substrates 12A and 12B or the polishing pad 11 such that an arbitrary point 
on the semiconductor substrate 12A or 12B follows a random locus on the polishing pad 11 
5 during polishing. However, since each of the substrates is not fixed completely to the head 
(not shown) of the CMP apparatus, it is difficult to render the locus on the polishing pad 11 
followed by an arbitrary point on each of the substrates exactly as random as calculated so 
that the same locus occurs at each constant speed of rotation. 

Each of the embodiments of the present invention, which will be described later, 
10 is capable of suppressing the production of steps on the wafer surface after CMP in a 
situation as described above. 

(EMBODIMENT 1) 

A semiconductor substrate and a fabrication method therefor according to the first 
embodiment of the present invention will be described herein below with reference to the 
15 drawings. 

The semiconductor substrate according to the first embodiment is characterized in 
that each of the two shoulder portions of a notch formed in an edge portion thereof has an 
arcuate configuration and the difference in curvature between the two shoulder portions is 
not less than 0 mm and not more than 0. 1 mm. In other words, the two shoulder portions of 

20 the notch in the semiconductor substrate (semiconductor wafer) according to the first 
embodiment have equal configurations. This prevents the production of steps on the 
surface of the semiconductor wafer after, e.g., STI-CMP, specifically a reduction in the 
final thickness of a polished film at the peripheral edge portion of the wafer after STI-CMP. 
FIG. 2 shows an exemplary configuration of the notch in the semiconductor 

25 substrate according to the first embodiment. As a result of 3D measurement, it was found 
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that the respective curvatures of the arcuate shoulder portions of the notch shown in FIG. 2 
were as small as Rl =0.116 mm and R2 = 0.124 mm. Here, |R1 - R2| < 0.1 mm is satisfied 
so that the difference in curvature between the two shoulder portions of the notch is small. 
In FIG 2, Vr represents the depth of the notch and 0v represents an angle formed between 
5 the two wall surfaces of the notch (except for the bottom portion of the notch). 

FIG. 3 shows the result of measuring the final thickness of a polished film (SiN 
film) when STI-CMP involving three batch processes was performed with respect to 
semiconductor wafers (the total of six semiconductor wafers) each having the 
configuration of the notch shown in FIG. 2 by using the polishing apparatus shown in FIG 
10 1. In FIG 3 ? the abscissa represents the distance from the center of the wafer (100 mm 
corresponds to the edge surface of the wafer) and the coordinate represents the thickness of 
the SiN film. 

As shown in FIG. 3, the conventional problem of an abrupt reduction in the 
thickness of the SiN film at the peripheral edge portion of the wafer extending radially 

1 5 about 5 mm from the edge surface of the wafer (see a first or second comparative example 
which will be described later) is not observed. Conversely, the thickness of the SiN film is 
slightly larger at the peripheral edge portion of the wafer. The difference between the 
thickness of the SiN film at the peripheral edge portion of the wafer and the mean 
thickness of the SiN film at the portion of the wafer other than the peripheral edge portion 

2 0 thereof is about 10 nm. Variations in the thickness of the SiN film are also suppressed to 
about 20 nm or less, which is smaller than an objective value of 30 nm, in a range of the 
peripheral edge portion of the wafer extending radially about 2 to 3 mm from the edge 
surface of the wafer. 

As stated previously, the result shown in FIG 3 was obtained by using the 
2 5 polishing apparatus shown in FIG 1, i.e., an apparatus capable of simultaneously polishing 
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two semiconductor wafers on a single platen. The tendency of the variations in the 
thickness of the SiN film does not show a great difference even between semiconductor 
wafers in the individual batch processes (the timing of supplying a new slurry is different) 
and between the individual batch processes (the order in which the semiconductor wafers 
5 are processed is different). In either case, the variations were suppressed successfully to the 
objective value or less. This proves that the configuration of the notch in the 
semiconductor wafer has great influence on the variations in the thickness of the SiN film. 

Thus, it will be understood from the first embodiment that the shaping of each of 
the two shoulder portions of the notch in the semiconductor wafer into an arc and the 

10 adjustment of the difference in curvature between the two shoulder portions to 0.1 mm or 
less is effective in controlling the final thickness of the SiN film after STI-CMP. 
Specifically, it is possible to prevent the specific portion of the polishing pad (which is the 
polishing pad 11 of FIG. 1 in the present embodiment) from being roughened by the notch 
when CMP is performed with respect to the wafer because the respective curvatures of the 

15 two shoulder portions of the notch in the semiconductor wafer are equal. As a result, the 
polishing speed becomes uniform over the entire surface of the polishing pad and the 
uniformity of an amount of grinding of the polished film on the wafer surface is thereby 
improved so that the variations in the final thickness of the polished film after CMP are 
suppressed sufficiently. This suppresses the production of steps on the surface of the wafer 

20 after CMP, prevents the occurrence of a problem such as size variations or an inter- 
electrode short circuit during the formation of a gate electrode, and thereby improves the 
reliability of the semiconductor device. 

Since the first embodiment also allows the enlargement of the effective region of a 
semiconductor wafer, which is a determinant of the number of chips obtainable from the 

2 5 wafer, the number of the chips obtainable from the semiconductor wafer can be increased 
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so that fabrication cost for the semiconductor device is reduced. 

Although the first embodiment has been targeted at a semiconductor wafer with a 
diameter of 200 mm, it is not limited thereto. The same effects are achievable if the first 
embodiment is targeted at a semiconductor wafer of another size. 
5 Although the first embodiment has assumed STI-CMP, it is not limited thereto. 

The same effects are also achievable in a CMP process in which an interlayer film, a metal 
film, or the like is polished. 

Although the first embodiment has used the polishing apparatus shown in FIG. 1, 
the same effects are also achievable if a polishing apparatus of another type, e.g., single 
10 wafer polishing apparatus, is used instead. 

In the first embodiment, the configuration of the notch in the semiconductor wafer 
conforms to the SEMI standards except for the portion characterizing the present 
embodiment. Specifically, the depth of the notch is not less than 1.0 mm and not more than 
1.25 mm and the angle of the notch (angle formed between the two wall surfaces of the 
15 notch) is not less than 89° and not more than 95°. If the bottom portion of the notch has an 
arcuate configuration with a given curvature and the wall surfaces of the notch have been 
mirror-finished by a well-known method, the roughening of the polishing pad by the notch 
can be prevented more reliably. 

(EMBODIMENT 2) 

20 A semiconductor substrate according to the second embodiment of the present 

invention will be described with reference to the drawings. 

A first feature of the semiconductor substrate according to the second embodiment 
is that each of the two shoulder portions of a notch formed in an edge portion thereof has 
an arcuate configuration and the difference in curvature between the two shoulder portions 

25 is not less than 0 mm and not more than 0.1 mm, in the same manner as in the first 
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embodiment. A second feature of the semiconductor substrate according to the second 
embodiment is that the curvature of each of the shoulder portions of the notch is 0.3 mm or 
more. In other words, the two shoulder portions of the notch have equal configurations in 
the semiconductor substrate (semiconductor wafer) according to the second embodiment 
5 and, in addition, the curvature of each of the two shoulder portions of the notch is larger in 
the second embodiment than in the first embodiment. This reduces the pressure exerted on 
the polishing pad by the shoulder portions of the notch during polishing so that the 
production of steps on the surface of the semiconductor wafer after, e.g., STI-CMP, 
specifically a reduction in the final thickness of a polished film at the peripheral edge 

1 0 portion of the wafer after STI-CMP is prevented more reliably. 

FIG. 4 shows an exemplary configuration of the notch in the semiconductor 
substrate according to the second embodiment. As a result of 3D measurement, it was 
found that the respective curvatures of the arcuate shoulder portions of the notch shown in 
FIG 4 were as small as Rl = 0.788 mm and R2 = 0.794 mm. Here, |R1 -R2| <0.1 mm, Rl 

15 > 0.3 mm, and R2 > 0.3 mm are satisfied. In FIG. 4, Vr represents the depth of the notch 
and 9v represents an angle formed between the two wall surfaces of the notch (except for 
the bottom portion of the notch). 

FIG 5 shows the result of measuring the final thickness of a polished film (SiN 
film) when STI-CMP involving three batch processes was performed with respect to 

2 0 semiconductor wafers (the total of six semiconductor wafers) each having the 
configuration of the notch shown in FIG. 4 by using the polishing apparatus shown in FIG 
1. In FIG 5, the abscissa represents the distance from the center of the wafer (100 mm 
corresponds to the edge surface of the wafer) and the coordinate represents the thickness of 
the SiN film. 

2 5 As shown in FIG. 5, the conventional problem of an abrupt reduction in the 
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thickness of the SiN film at the peripheral edge portion of the wafer extending radially 
about 5 mm from the edge surface of the wafer (see the first or second comparative 
example which will be described later) is not observed. The thickness of the SiN film is 
substantially uniform over the entire surface of the wafer except that the SiN film is 
5 slightly thicker at a measurement point at a distance of about 3 mm from the edge surface 
of the wafer. The difference between the foregoing thickness of the SiN film at the 
peripheral edge portion of the wafer and the mean thickness of the SiN film at the portion 
of the wafer other than the peripheral edge portion thereof is 10 nm or less so that the 
difference has been reduced (improved) by about 2 to 3 nm compared with that obtained in 
10 the first embodiment. Variations in the thickness of the SiN film are also suppressed to 
about 15 nm or less, which is smaller than in the first embodiment, in a range of the 
peripheral edge portion of the wafer extending radially about 2 to 3 mm from the edge 
surface of the wafer. 

As stated previously, the result shown in FIG. 5 was obtained by using the 
15 polishing apparatus shown in FIG. 1, i.e., an apparatus capable of simultaneously polishing 
two semiconductor wafers on a single platen. The tendency of the variations in the 
thickness of the SiN film does not show a great difference even between semiconductor 
wafers in the individual batch processes (the timing of supplying a new slurry is different) 
and between the individual batch processes (the order in which the semiconductor wafers 
2 0 are processed is different). In either case, the variations were suppressed successfully to the 
objective value (30 nm) or less. This proves that the configuration of the notch in the 
semiconductor wafer has great influence on the variations in the thickness of the SiN film. 

Thus, it will be understood from the second embodiment that the adjustment of 
the difference in curvature between the two shoulder portions of the notch in the 
25 semiconductor wafer to 0.1 mm or less in the same manner as from the first embodiment 
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and the adjustment of the curvature of each of the two shoulder portions to 0.3 mm or more 
is effective in controlling the final thickness of the SiN film after STI-CMP, particularly 
suppressing the variations in the final thickness of the SiN film at the peripheral edge 
portion of the wafer extending radially about 2 to 5 mm from the edge surface of the wafer 
5 to 30 nm or less. Specifically, it is possible to more reliably prevent the specific portion of 
the polishing pad (which is the polishing pad 11 of FIG. 1 in the present embodiment) from 
being roughened by the notch when CMP is performed with respect to the wafer because 
the respective curvatures of the two shoulder portions of the notch in the semiconductor 
wafer are equal and the curvature of each of the two shoulder portions is 0.3 mm or more. 

10 As a result, the polishing speed becomes uniform over the entire surface of the polishing 
pad and the uniformity of an amount of grinding of the polished film on the wafer surface 
is thereby improved so that the variations in the final thickness of the polished film after 
CMP are suppressed sufficiently. This suppresses the production of steps on the surface of 
the wafer after CMP, prevents the occurrence of a problem such as size variations or an 

1 5 inter-electrode short circuit during the formation of a gate electrode, and thereby improves 
the reliability of the semiconductor device. 

Although the second embodiment has been targeted at a semiconductor wafer with 
a diameter of 200 mm, it is not limited thereto. The same effects are achievable if the 
second embodiment is targeted at a semiconductor wafer of another size. 

2 0 Although the second embodiment has assumed STI-CMP, it is not limited thereto. 

The same effects are achievable in a CMP process in which an interlayer film, a metal film, 
or the like is polished. 

Although the second embodiment has used the polishing apparatus shown in FIG. 
1, the same effects are achievable if a polishing apparatus of another type, e.g., single 

2 5 wafer polishing apparatus, is used instead. 
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In the second embodiment, the configuration of the notch in the semiconductor 
wafer conforms to the SEMI standards except for the portion characterizing the present 
embodiment. Specifically, the depth of the notch is not less than 1.0 mm and not more than 
1.25 mm and the angle of the notch (angle formed between the two wall surfaces of the 
5 notch) is not less than 89° and not more than 95°. If the bottom portion of the notch has an 
arcuate configuration with a given curvature and the wall surfaces of the notch have been 
mirror-finished by a well-known method, the roughening of the polishing pad by the notch 
can be prevented more reliably. If consideration is given to the SEMI standards, the 
curvature of each of the two shoulder portions of the notch in the semiconductor substrate 
10 is about 2.0 mm at the maximum. 

(Comparative Example 1) 

FIG. 6 shows an exemplary configuration of a notch in the semiconductor 
substrate according to a first comparative example. As a result of 3D measurement, it was 
found that the respective curvatures of the arcuate shoulder portions of the notch shown in 

15 FIG. 6 were Rl = 0.610 mm and R2 = 0.424 mm so that |R1 - R2| > 0.1 mm is satisfied. In 
FIG. 6, Vr represents the depth of the notch and 0v represents an angle formed between the 
two wall surfaces of the notch (except for the bottom portion of the notch). 

When the wall surfaces of the notch are, e.g., mirror-finished, the final angles of 
the two shoulder portions of the notch normally vary due to the deterioration of the 

20 polishing cloth of a polishing machine so that a difference exceeding 0.1 mm is produced 
disadvantageously between the respective curvatures of the two shoulder portions of the 
notch. In other words, the two shoulder portions of the notch have asymmetric arcuate 
configurations. 

FIG. 7 shows the result of measuring the final thickness of a polished film (SiN 
25 film) when STI-CMP involving three batch processes and one single-wafer process was 
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performed with respect to semiconductor wafers (the total of seven semiconductor wafers) 
each having the configuration of the notch shown in FIG. 6 by using the polishing 
apparatus shown in FIG 1. In FIG 7, the abscissa represents the distance from the center of 
the wafer (100 mm corresponds to the edge surface of the wafer) and the coordinate 
5 represents the thickness of the SiN film. 

As shown in FIG. 7, the problem of an abrupt reduction in the thickness of the SiN 
film at the peripheral edge portion of the wafer extending radially about 5 mm from the 
edge surface thereof is observed. Specifically, the thickness of the SiN film at the 
peripheral edge portion of the wafer is smaller by about 20 run or more than the mean 

1 0 thickness of the SiN film at the portion of the wafer other than the peripheral edge portion 
thereof. The variations in the thickness of the SiN film have reached about 45 nm in a 
range of the peripheral edge portion of the wafer extending radially about 2 to 3 mm from 
the edge surface thereof so that the objective value of 30 nm has not been achieved. 

As stated previously, the result shown in FIG. 7 was obtained by using the 

15 polishing apparatus shown in FIG. 1 5 i.e., an apparatus capable of simultaneously polishing 
two semiconductor wafers on a single platen. The tendency of the variations in the 
thickness of the SiN film does not show a great difference even between semiconductor 
wafers in the individual batch processes (the timing of supplying a new slurry is different), 
between the individual batch processes (the order in which the semiconductor wafers are 

2 0 processed is different), or between the batch processes and the single-wafer process. In 
either case, the variations have not been suppressed to the objective value or less. This 
proves that the configuration of the notch in the semiconductor wafer has great influence 
on the variations in the thickness of the SiN film. 
(Comparative Example 2) 

2 5 FIG 8 shows an exemplary configuration of a notch in the semiconductor 
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substrate according to a second comparative example. As a result of 3D measurement, it 
was found that the respective curvatures of the arcuate shoulder portions of the notch 
shown in FIG 8 were Rl = 0.322 mm and R2 = 0.507 mm so that |R1 - R2| > 0.1 mm is 
satisfied. In FIG. 8, Vr represents the depth of the notch and 0v represents an angle formed 
5 between the two wall surfaces of the notch (except for the bottom portion of the notch). 

When the wall surfaces of the notch are, e.g., mirror-finished, the final angles of 
the two shoulder portions of the notch normally vary due to the deterioration of the 
polishing cloth of a polishing machine so that a difference exceeding 0.1 mm is produced 
disadvantageous^ between the respective curvatures of the two shoulder portions of the 
10 notch. In other words, the two shoulder portions of the notch have asymmetric arcuate 
configurations. 

FIG. 9 shows the result of measuring the final thickness of a polished film (SiN 
film) when STI-CMP involving three batch processes was performed with respect to 
semiconductor wafers (the total of six semiconductor wafers) each having the 
1 5 configuration of the notch shown in FIG 8 by using the polishing apparatus shown in FIG 
1. In FIG 9, the abscissa represents the distance from the center of the wafer (100 mm 
corresponds to the edge surface of the wafer) and the coordinate represents the thickness of 
the SiN film. 

As shown in FIG. 9, the problem of an abrupt reduction in the thickness of the SiN 
2 0 film at the peripheral edge portion of the wafer extending radially about 5 mm from the 
edge surface thereof is observed. Specifically, the thickness of the SiN film at the 
peripheral edge portion of the wafer is smaller by about 20 nm or more than the mean 
thickness of the SiN film at the portion of the wafer other than the peripheral edge portion 
thereof. The variations in the thickness of the SiN film have reached about 45 nm in a 
25 range of the peripheral edge portion of the wafer extending radially about 2 to 3 mm from 
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the edge surface thereof so that the objective value of 30 nm has not been achieved. 

As stated previously, the result shown in FIG. 9 was obtained by using the 
polishing apparatus shown in FIG 1, i.e., an apparatus capable of simultaneously polishing 
two semiconductor wafers on a single platen. The tendency of the variations in the 
5 thickness of the SiN film does not show a great difference even between semiconductor 
wafers in the individual batch processes (the timing of supplying a new slurry is different) 
and between the individual batch processes (the order in which the semiconductor wafers 
are processed is different). In either case, the variations have not been suppressed to the 
objective value or less. This proves that the configuration of the notch in the 
1 0 semiconductor wafer has great influence on the variations in the thickness of the SiN film. 

(EMBODIMENT 3) 

Referring to the drawings, a method for fabricating a semiconductor device 
according to a third embodiment of the present invention, specifically a method for 
fabricating a semiconductor device using the semiconductor substrate (semiconductor 
15 substrate characterized by the configurations of the shoulder portions of the notch) 
according to the first or second embodiment will be described herein below. 

FIGS. 10(a) to 10(c) are cross-sectional views illustrating the individual process 
steps of the method for fabricating a semiconductor device according to the third 
embodiment. 

20 First, as shown in FIG 10(a), a protective oxide film (SiC>2 film) 102 and a nitride 

film (SiN film) 103 serving as an end-point detection film for STI-CMP are formed 
successively on a semiconductor substrate 101. A notch with two shoulder portions having 
a curvature difference not less than 0 mm and not more than 0.1 mm therebetween is 
provided in the edge portion of the semiconductor substrate 101. Preferably, the curvature 

25 of each of the two shoulder portions of the notch is 0.3 mm or more. The protective oxide 
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film 102 serves as a buffer film between the semiconductor substrate 101 and the nitride 
film 103. 

Subsequently, a resist pattern (not shown) having an opening corresponding to an 
isolation region is formed by lithography. By using the resist pattern as a mask, dry etching 
5 is performed successively with respect to the nitride film 103, the protective oxide film 102, 
and the semiconductor substrate 101, thereby forming a trench 104 for isolation. 

Next, as shown in FIG. 10(b), a buried oxide film 105 is deposited by CVD over 
the entire surface of the semiconductor substrate 101, thereby filling the trench 104 such 
that no void is formed. 

10 Next, as shown in FIG. 10(c), the portion of the buried oxide film 105 deposited 

on the active region to be formed with a semiconductor element, i.e., the portion of the 
buried oxide film 105 located outside the trench 104 is removed by CMP, whereby an 
isolation (STI) 106 composed of the buried oxide film 105 is formed in the trench 104. 

When the nitride film 103 is exposed, the reflectivity of light or the rotation 

1 5 torque of the platen of a polishing machine, which is detected by an end-point detector, 
changes so that the point of time at which the change occurred is detected as the end point 
of polishing performed with respect to the buried oxide film 105. The final adjustment of a 
height difference in the CMP step shown in FIG. 10(c) is performed by using polishing 
conditions under which a polishing speed for the buried oxide film 105 is double or more a 

2 0 polishing speed for the nitride film 103. The arrangement suppresses the occurrence of a 
height difference between the surface of the buried oxide film 105 composing the isolation 
106 and the surface of the other portion of the substrate. The final adjustment of the height 
difference is performed by adjusting the rotational speed of the head (which is a portion for 
holding the substrates, while being rotated therewith) of a CMP apparatus, a loading 

2 5 condition therefor, the rotational speed of a platen having a polishing pad affixed thereto, 
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the material of a slurry, or the like. 

According to the third embodiment, the semiconductor substrate according to the 
first or second embodiment, i.e., the semiconductor substrate 101 in which the notch with 
the two shoulder portions having a curvature difference not less than 0 mm and not more 
5 than 0.1 mm therebetween has been provided is formed with the trench 104 and then the 
buried oxide film 105 is buried in the trench 104 and subjected to CMP. At this time, 
variations in the final thickness of the nitride film 103 (i.e., the end-point detection film) 
formed under the buried oxide film 105 can be suppressed sufficiently so that the 
production of a step on the surface of the substrate after CMP is suppressed. Specifically, 

10 the height of a step produced on the surface of the wafer after STI-CMP, i.e., variations in 
planarization process can be suppressed to 30 nm or less even in a range extending radially 
about 2 to 5 mm from the edge surface of the semiconductor wafer serving as the 
semiconductor substrate 101. This prevents a situation in which the step produced on the 
surface of the substrate causes a problem in the process step subsequent to CMP and 

15 thereby improves the reliability of the semiconductor device. In addition, the effective 
region of the wafer which is a determinant of the number of chips obtainable from the 
semiconductor wafer can be enlarged. Since the number of chips obtainable from the 
semiconductor wafer can be increased, fabrication cost for the semiconductor device can 
be reduced. 

20 According to the third embodiment, the polishing conditions under which the 

polishing speed for the buried oxide film 105 is double or more the polishing speed for the 
nitride film (end-point detection film) 103 are used in the step of planarizing the buried 
oxide film 105. This enables reliable notification of whether or not planarization of the 
entire semiconductor wafer serving as the semiconductor substrate 101 or in terms of 

25 semiconductor devices (chips) has been accomplished. This also prevents a situation in 
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which the final thickness of the nitride film 103 (end-point detection film) after CMP 
varies depending on the density of the trenches 104 in the single chip or the final thickness 
of the nitride film 103 after CMP varies over the surface of the wafer depending on the 
density of the trenches 104 in the single chip. 
5 In the third embodiment the size of the semiconductor wafer serving as the 

semiconductor substrate 101 is not particularly limited. 

Although the third embodiment has assumed STI-CMP, it is not limited thereto. 
The same effects are achievable in a CMP process in which an interlayer film, a metal film, 
or the like is polished. 

10 In the third embodiment, the polishing apparatus used for STI-CMP is not 

particularly limited. 

In the third embodiment, the configuration of the notch in the semiconductor 
wafer serving as the semiconductor substrate 101 conforms to the SEMI standards except 
for the portion characterizing the semiconductor substrate according to the first or second 

1 5 embodiment. Specifically, the depth of the notch is not less than 1 .0 mm and not more than 
1 .25 mm and the angle of the notch (angle formed between the two wall surfaces of the 
notch) is not less than 89° and not more than 95°. If the bottom portion of the notch has an 
arcuate configuration with a given curvature and the wall surfaces of the notch have been 
mirror-finished by a well-known method, the roughening of the polishing pad by the notch 

20 can be prevented more reliably. If consideration is given to the SEMI standards, the 
curvature of each of the two shoulder portions of the notch in the semiconductor substrate 
is about 2.0 mm at the maximum. 

Preferably, the third embodiment comprises the step of polishing the nitride film 
103, i.e., the end-point detection film by chemical mechanical polishing after the step of 

2 5 planarizing the buried oxide film 105. The arrangement allows a gate electrode pattern or 
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the like to be formed with no size variation by, e.g., lithography after the removal of the 
nitride film 103 by polishing. 
[Effects of the Invention] 

In the semiconductor substrate according to the present invention, the two 
5 shoulder portions of the notch have equal curvatures so that, when CMP is performed with 
respect to the semiconductor substrate, the roughening of the specific portion of the 
polishing pad by the notch is prevented. Accordingly, the polishing speed becomes uniform 
over the entire surface of the polishing pad so that the uniformity of an amount of grinding 
of the polished film at the substrate surface is improved and variations in the final 
10 thickness of the polished film after CMP are suppressed sufficiently. This suppresses the 
production of a step on the surface of the substrate after CMP and prevents problems by 
the step in processes after CMP from being caused, thereby improving the reliability of the 
semiconductor device. 

[BRIEF DESCRIPTION OF THE DRAWINGS] 
15 [FIG. 1] FIG. 1 is a schematic diagram of a polishing apparatus (CMP apparatus) 

used for the evaluation of the final thickness of a polished film, STI formation, or the like 

in each of the embodiments of the present invention; 

[FIG. 2] FIG. 2 shows an exemplary configuration of a notch in a semiconductor 

substrate according to the first embodiment of the present invention; 
20 [FIG. 3] FIG 3 shows the result of measuring the final thickness of an SiN film 

when STI-CMP is performed with respect to the semiconductor substrate according to the 

first embodiment; 

[FIG. 4] FIG. 4 shows an exemplary configuration of a notch in a semiconductor 
substrate according to the second embodiment of the present invention; 
2 5 [FIG. 5] FIG. 5 shows the result of measuring the final thickness of an SiN film 
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when STI-CMP is performed with respect to the semiconductor substrate according to the 
second embodiment; 

[FIG. 6] FIG 6 is a view showing an exemplary configuration of a notch in a 
semiconductor substrate according to a first comparative example; 
5 [FIG. 7] FIG. 7 shows the result of measuring the final thickness of an SiN film 

when STI-CMP is performed with respect to the semiconductor substrate according to the 
first comparative example; 

[FIG 8] FIG 8 is a view showing an exemplary configuration of a notch in a 
semiconductor substrate according to a second comparative example; 
1 0 [FIG 9] FIG 9 shows the result of measuring the final thickness of an SiN film 

when STI-CMP is performed with respect to the semiconductor substrate according to the 
second comparative example; and 

[FIG 10] FIGS. 10(a) to 10(c) are cross-sectional views illustrating the individual 
process steps of a method for fabricating a semiconductor device according to the third 
1 5 embodiment of the present invention. 

[Explanation of Reference Numerals] 
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polishing pad 
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one semiconductor substrate 
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another semiconductor substrate 
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13A 


notch in the one semiconductor substrate 
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notch in the other semiconductor substrate 




14 


direction of rotation of platen (polishing pad) 
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direction of rotation of the one semiconductor substrate 
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direction of rotation of the other semiconductor substrate 
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direction in which each shoulder portion of notch in the one 
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semiconductor substrate plunges into polishing pad 

101 semiconductor substrate 

102 protective oxide film 

103 nitride film 

104 trench 

105 buried oxide film 

106 isolation 

Rl curvature of arcuate shoulder portion of notch of the one semiconductor 



substrate 
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substrate 



R2 curvature of arcuate shoulder portion of notch of the other semiconductor 
Vr depth of notch in semiconductor substrate 

8v angle formed between two wall surfaces of notch in semiconductor 



substrate 
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[Name of Document] Abstract 
[Abstract] 

[Object] To suppress production of a step on the surface of a substrate after CMP. 

[Means of Attaining the Object] In a semiconductor substrate having a notch in 

an edge portion thereof, each of the two shoulder portions of the notch is configured as an 
arc and the difference in curvature between the two shoulder portions is not less than 0 mm 
and not more than 0.1 mm. 
[Selected Drawing] FIG. 2 



